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ABSTRACT

The formulation for mathematically fairing curves and surfaces

presented in Volume 3 of this Final Report has proved capable of

economically fairing large areas of the molded form up to half the

ship in size. In addition, perhaps for the first time, a satisfactory

method has been developed for fairing mathematically the extreme ends

where discontinuities occur. The joining of these several faired

surfaces to form a single fair surface has not yet been successfully

demonstrated.

The fairing method has been incorporated in a system of programs which

provide loft data mathematically. Some of these programs have been

used in production by Todd Shipyards Corporation and under contract to

others for producing loft data.

Several elements of the fairing system require additional development

work. These items are listed in the recommendations at the end of

this report.

There is a need to reduce the size and density of the problem so that

larger surfaces can be handled more efficiently.

Production use of the fairing method itself should be attempted only

after the additional work recommended has been completed. Suggestions

for the solution of these problems have been offered in this report.

The effort still needed is small compared to that already expended in

formulating the method itself and demonstrating the system presented.

1.5.0 iv



CONTENTS

Section Page

FORWARD ............ ..... ...................... ii

ABSTRACT ........... ..................... ... iv

I INTRODUCTION ............... ................... I-I

II DISCUSSION OF MATHEMATICAL FAIRING METHOD. ..... 1I-i

A. PLANE CURVE FAIRING ....... ........... I-I

B. THREE-DIMENSIONAL FAIRING .......... ... 11-2

C. SURFACE FAIRING ...... ............. ... 11-2

1. Lambda Formulation - Primal. 11-3

2. Sum of Deviations Formulation. 11-4

3. Lambda Formulation - Dual. . 11-5

III SYSTEM LIMITATION ............. ................. III-1

A. LINEAR PROGRAMMING - PROBLEM SIZE
LIMITATIONS ............ ............... III-1

B. JOINING THE FAIRED SURFACES ......... ... 111-2

C. FIAT BOTTOM FORMS ...... ............ .. 111-3

IV COMPARISON OF SYSTEM WITH CRITERIA .......... ... IV-I

A. SYSTEM CRITERIA ..... ............. ... IV-I

B. FAIRNESS CRITERIA .... ............ ... IV-3

V CONCLUSIONS AND RECOMMENDATIONS ............. ... V-I

A. CONCLUSIONS ...... ............... ... V-1

B. RECOMMENDATIONS .......... ............. V-2

APPENDIX

A PLANE CURVES ................ ................... A

B SURFACES ....... ..... ... ..................... B

C DIL 26 HULL SURFACES ............ ............... C

1.5.0 v



Section I

INTRODUCTION

Todd Shipyards Corporation, Los Angeles Division, under Contract

NObs-4427 has developed and presented as Volume 3 of this final

report a system for mathematically fairing and lofting ships.

This system starts with the preliminary offsets produced by a naval

architect and produces much of the loft data needed for construction.

The heart of this system is the mathematical fairing method presented

as Part 1 - Theory, of Volume 3. This method was formulated,

developed, and tested to the extent possible, within the time and

funds provided.

Presented in the following sections are:

- A discussion of the mathematical fairing method employed

- The limitations of the system

- A comparison of the system with the criteria

- Recommendations and conclusions
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Section II

DISCUSSION OF MATHEMATICAL FAIRING METHOD

The basic fairing method developed followed exhaustive state-of-the-

art studies and comparison of the many previous approaches to the

problem with the criteria established for this program. This criteria

was established for the purpose of developing a method capable of

meeting shipyard production requirements.

These requirements are somewhat different and definitely more restrict-

ing than the requirements for a mathematical hull definition to be

used in hydrodynamic studies.

Linear prograuming, employing a notation for cubic equations developed

by Dr. Feodor Theilheimer of the David W. Taylor Model Basin, was

chosen as the best method capable of meeting the criteria.*

A. PLANE CURVE FAIRING

In applying linear programing to ship fairing, plane curves were

developed first. Plane curves defined by five to twelve offsets

have been faired many times. It is possible to fair curves

defined by twenty or twenty-five offsets on an IBM-1620 computer

using the formulation developed.

To fair a five to ten-point waterline requires only a few minutes

on the 1620. Representative examples of curves and times for

*
Todd Shipyards Corporation Technical Report 1.1.1, "Evaluation of

Mathematical Lofting Methods in Current Use, and Comparison with
Developed Criteria," R. A. Tapia,-March-l, 1962
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fairing are given in Appendix A.

The success of the linear programming/mathematical spline curve

method for plane curves encouraged an extension of the method to

three dimensions.

B. THREE-DIMENSIONAL FAIRING

The three-dimensional method used in some previous fairing schemes,

and that which is most obvious because of the ease with which

plane curves can be faired, is simply to fair each of the original,

individual stations and waterlines independently, and iterate back

and forth between waterlines and stations until at each point where

a waterline and station are common, the offset from one is very

nearly equal to the offset of the other.

This method was attempted but was dropped in favor of surface

fairing for two reasons:

1. It had not been possible to demonstrate a set of
waterlines and stations which have the same offsets
at common points.

2. The surface area between stations and between water-
lines is undefined. Data can only be obtained in
this area by some interpolation scheme.

C. SURFACE FAIRING

The method uses surface equations rather than plane curve equations.

It was first formulated under Contract NObs-4427.* The surface has

the characteristics of a spline curve in the station direction and

in the waterline direction.

Ib id.
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Two types of fit have been used. The first is the minimax or

lambda (A) fit. To fit the equation to the offsets using this

fit, the linear program seeks to minimize the absolute value of

the greatest deviation of the equation from the offsets.

The second type is the sum-of-the-deviations fit. This fit

minimizes the sum of the absolute values of the individual

deviations.

The difference is that the lambda fit provides an even distri-

bution of the deviation over all the offsets. The sum-of-the-

deviations fit usually provides a surface that comes very close

to the majority of offsets, but may build up a large deviation

at one or two offsets near one end of the surface.

The lambda fit was first formulated for linear programming using

the primal tableau. It was later restated with changes using

the dual tableau.

1. Lambda Formulation - Primal

The formulation required four constraints per offset. These

were:

a. The equation of the surface at each preliminary offset

is equal to, or greater than, the value of the pre-

liminary offset minus X.

b. The equation of the surface at each preliminary offset

is equal to, or less than, the value of the preliminary

offset plus >-,.

c. The value of the second difference in the waterline

direction of the preliminary offset, time the value of

the second derivative of the surface equation taken in

the waterline direction at the preliminary offs.t is

greater than or equal to zero.
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d. The value of the second difference in the station

direction of the preliminary offset, times the value

of the second derivative of the surface equation in

the station direction at the preliminary offset is

greater than or equal to zero.

Constraints a and b are the deviation constraints; c and d

are the curvature constraints.

The first surfaces faired with this method each contained

offsets for five stations and five waterlines (twenty-five

offsets). These required approximately seventeen minutes of

7090 computer time to fair. A larger surface covering ten

stations and eight waterlines (eighty offsets) was then

successfully faired but required an excessive amount of IBM-

7090 computer tir- (seven hours).

At this point, it became apparent that the technique was

successful from a technical viewpoint but needed to reach a

solution faster for two reasons: first, to be economically

feasible; second, because the great number of calculations

involved could adversely affect the accuracy of the numbers

involved.

2. Sum of Deviations Formulation

Experience with linear programming problems indicates that

execution time of a problem varies greatly with the number of

An example of the result of this effort is given in Appendix A of
Todd Shipyards Corporation Technical Report 1.2.3, "A Method for
Defining and Fairing Ships' Form Using Linear Programming," by
R. A. Tapia, June 11, 1962
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constraints present and varies little with the number of

variables. Initial work on reducing the running time

concentrated on reducing the number of constraints per

offset. A variation in the formulation was made which produced

the "sum of the deviations fit" reported in Part 1 - Theory,

of Volume 2, of the Final Report.

Here, a single deviation constraint replaced the two deviation

constraints of the >%fit. Two dummy variables were used in

each constraint defined by the following:

The equation of the surface at each preliminary offset,
plus the first dummy variable, minus the second dummy
variable, equals the preliminary offset.

A different pair of dummy variables is used for each offset.

Since these variables are linearly dependent, only one of

each pair can be in the solution at a time. Therefore, the

dummy variables that are in the solution are the set of

deviations of the equation from the offsets. The linear

program minimizes the sum of the absolute values of these

deviations.

Obviously, this formulation decreases the constraints by

twenty-five percent. This, plus an improvement in the

manner of using the LP, produced a solution to the eighty-

offset problem In sixty-two minutes instead of seven hours.

The twenty-five offset problem required one minute.

3. Lambda Formulation - Dual

In an effort to retain the lambda fit but reduce the solution

time, an alternate approach retaining the original four con-

straints was tried using a surface equation which is "double

splined," as discussed in Part 1 - Theory, Volume 2, of the
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Final Report. Double splining means that each cubic spans two

intervals between offsets instead of one, as in previous

formulations. This reduces the required number of terms in

the surface equation and eliminates the curvature constraints

at the offset in the center of each cubic interval. With this

change, it became important to re-state the problem in the

dual form. In this form the constraint matrix is transposed,

and this, for the fairing formulation, presents an apparently

reduced number of constraints in the problem.

The double spline formulation requires an odd number of offsets;

therefore, the ten-station, eight-waterline-eighty-offset

surface was replaced by an eleven-station, seven-waterline,

seventy-seven offset surface. This problem, double splined in

both the statiotL and waterline directions, required seventeen

minutes on the 7090. The twenty-five offset problem now

required about fifteen seconds.

Because the lambda fit gives a better overall fit it has been

used in the system as presented. Examples of surfaces using

both fits are presented in Appendixes B and C. Deviations in

all cases have been of a reasonable order compared to the

unfairness one might expect in preliminary offsets - usually

under one inch in surfaces and under three-eighths inch on

curves.
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Section III

SYSTEM LIMITATION

A. LINEAR PROGRAMMING - PROBLEM SIZE LIMITATIONS

Although there are linear programs in existence which can handle very

large problems (up to 1,023 constraints), there are still practical

limitations on the size, caused by two special circumstances in the

ship problem:

1. The high density of the formulation, compared to other
linear programming problems

2. The extreme rauge, from very small to very large, in
number size which occurs in the matrix

The high density as well as large size of the problem matrix for a

large surface requires a great many iterations and a great number of

calculations per iteration. This creates long execution times for

large surfaces; but more important, the excessive number of calcula-

tions, combined with the extreme range of number size, can cause a

loss of accuracy. This loss can produce a surface with unacceptably

large deviations from the offsets, or it can cause the program to

fail to find a solution.

During the evolution of the formulation, the effects of these factors

have been diminished, allowing larger and larger surfaces to be done

with increased reliability. At present, the largest surface that can

be faired with assurance is eleven stations by nine waterlines

(ninety-nine offsets).

Several surfaces of approximately seven stations by eleven waterlines,

each requiring about an hour of IBM-7090 time, must be joined to

produce the complete ship molded form, for a total estimated fairing
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time of four to six hours per ship. The considerations used reaching

this time estimate were (1) the surfaces will be double-splined in

one direction only, (2) additional time because of the uncertainty of

exact solution times using linear programming. A satisfactory method

of joining such surfaces has not yet been demonstrated.

There are many methods offering possibilities for increasing the

size of individual surfaces defined which have not yet been tried.

Examples are:

1. To normalize each constraint within itself, thus reducing
the extreme number range that can now be present

2. To perform other basic matrix arithmetic operations to
reduce the size or density of the matrix

3. To investigate the possibility of fairing only every
second station on selected parts of the hull.

These changes are mechanical, that is, they require no reformulation

of the basic method. Such changes, coupled with improvements in

linear programming methods and programs, or possibly an LP code

written specifically for this problem should eventually make it

possible to fair the ship molded surface complete in one pass.

B. JOINING THE FAIRED SURFACES

The problem of joining the several faired surfaces to produce a

complete molded form was not attempted until near the end of the

Contract period. Consequently, only one method was tried - the simplest.

This consisted of (1) fairing the first surface, (2) solving for the

faired offsets at the last station of this surface, (3) overlapping

the last station interval with the second surface and requiring the

second surface to go exactly through the offsets found in (2). It was

found that the second surface did go exactly through these points when
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faired, and that on the waterlines where this happened, the difference

in first and second derivatives was negligible. However, in some

intervals (not all intervals) bhtween these waterlines, the surface

formed a different shaped station, causing a line of discontinuity

between the surfaces so that the method was judged unsatisfactory.

Examples of other methods are:

1. Overlapping the surfaces and requiring the second
surface to go through first-surface offsets pf both
overlapped stations

2. Overlapping the surfaces and requiring the second surface
to have the same station equation as the first surface
for one or both of the overlapped stations

3. Collapsing the first-surface equation into an equation
for the final station interval for the first surface
and requiring the second surface to have this equation
in its first-station interval

4. Using decomposition programming or dyhamic programming
to obtain an optimum solution to the entire hull surface
in stages

These methods have not been tried. Methods 1. and 2. will not provide

continuous first and second derivatives at the joint, but the

discrepancies may be negligible. Methods 3. and 4. have the ability

to require continuous first and second derivatives. Method 3. is

the easiest to implement. Method 4. uses well-established mathematical

programming concepts and would provide a continuous surface equation

over the entire hull.

C. FIAT BOTTOM FORMS

This horizontal surface condition leads to infinite slope in the surface

equation. There are two methods for solving this problem. The first

is to use the same formulation in this area as was used for the end

conditions. This would allow for infinite slope, but would require

a modification of the problem formulation.
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A second method, more convenient to use, would be simply to require

the surface to have a very large but finite slope.
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Section IV

COMPARISON OF SYSTEM WITH CRITERIA

A. SYSTEM CRITERIA

The criteria established at the beginning for use in developing

the fairing system, and the extent to which the fairing system

meets these criteria are given below:

1. "The system should accept as data the preliminary information
developed by the naval architect"

The input data required by the fairing system consists of the

table of preliminary offsets, including centerplane profile

data. The only additional requirement placed on the naval

r:chitect is that he extend the station lines to an

imaginary waterline above the deck edge.

2. "It should include a method for eliminating gross errors in
the input data"

To locate offsets which are obviously the result of an error,

a computer program has been included which scans the data

prior to fairing, by investigating the consistency of the

signs of the second differences, along each waterline and

station. If a bad offset is found, the program adjusts the

value and reports both the questionable value and adjusted value

to the loftaman.
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3. "It should, from the data, obtain a fully faired hull
form from which the ship can be produced"

The mathematical definition of fairness used in developing

the method is presented later, along with a discussion on

its application. Because the molded form is described by

a surface equation it is possible to describe completely

intersections of other prescribed forms with it (frames,

decklines, etc.). A computer program is included in the

system which does this automatically.

4. "The fairing process should operate with as little human
intervention as possible"

The fairing system, in its final form, should require manual

effort in the initial data stages only. This effort is

limited to selecting the stations which limit the extent of

each surface, to preparing the input offsets, and to verify-

ing that the smoothed offsets and second differences are

consistent with the original intent. All fairing calcula-

tions from this point on are made automatically and require

only the operating of the computer and someone to monitor

results. However, the method has not yet been demonstrated

to the extent necessary to insure its reliable application

in all cases. It will therefore be necessary to evaluate

surfaces produced and continue to provide the system with

greater capability until such time as it can satisfactorily

define all principal surfaces on all types of ships.
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5. "The system should develop, as much as is practicable,
complete loft information now provided by the manual loft"

The system provides the following loft data:

a. Complete set of offsets on any station, waterline,
buttock or diagonal plane at any interval

b. Offsets along any waterline or station at any interval,
such that a straight line joining two consecutive
offsets comes exactly at a given tolerance from the
mathematical molded form

c. Other data as required for numerical control programs,
such as slopes, curvatures, and standard cubic
equations for form plane curves

d. Mathematically developed shell plate cutting pattern

offsets

e. Offsets for plate rolling and frame bending templates

f. Data describing the inside edge of web frames

g. Mathematically developed offsets for longitudinal
cutting patterns

B. FAIRNESS CRITERIA

System Criterion No. 3. requires the surface to be fully fair.

Mathematical criteria for fairness were established, and a comparison

of the system capabilities with these criteria is presented below.

1. "The curve Y(X) (which represents the intersection of a
plane with the surface) must be continuous; its first
derivative must be continuous; its second derivative must
be continuous"

These requirements are inherently met by the spline curve

representation of the surface. That is, the surface is made

up of cubic equations which have continuous first and second

derivatives; and these cubics are joined by a technique

which guarantees these continuities across each joint.
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2. "The curve must be completely free of unwanted inflection
points while possessing those inherent in the data"

This requirement has been met by requiring the equation at

each offset to have the same sign for its second derivative

as the previously calculated second difference at that offset.

For the surface equation, this requirement is imposed in

both the station and waterline directions. This technique

has been very successful in controlling inflection points

wherever applied. Use of it enables the formulation to

specify a choice of either one inflection point or no

inflection points within each cubic interval.

3. "Deviation from scaled offsets must be as small as possible,
subject to Conditions 1. and 2."

This requirement is the basic reason for the selection of

linear programming to fit the surfaces, and is inherently

met by it.

4. "Curves should be aesthetically pleasing"

When criteria 1 through 3 have been met by a mathematical

curve or surface, experience has confirmed that Criterion

4 will also be met, provided that it was reasonably inherent

in the original data.
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Section V

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The mathematical lofting system described herein has adequately

demonstrated the applicability of the mathematical theory employed.

It has been demonstrated that the system itself is a practical,

economical one, potentially capable of providing any shipyard with

all of the general information provided by conventional lofts. It

is not yet a "black box" system; that is, the method has not been

implemented with sufficient computer programs to permit complete

lofting without some manual intervention and decisions.

The system was tested by trying to fully define only one ship.

This single test showed that the system was lacking in completeness.

It ,id not satisfactorily join individually faired surfaces, nor

was it reliable in defining flat bottoms. It is apparent there is

a need for additional work before the system is complete and ready

for use by production forces.

The method employed in meeting the established criteria has overcome

the basic problems in mathematical lofting which heretofore appeared

insurmountable. It offers to the shipbuilding industry a greater

potential for economical use of numerically controlled fabrication

processes. If used early in the design phase, it offers the architect

the potential for employing automated drawing machines in his daily

work.
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B. RECOMMENDATIONS

Though the method employing linear programming to fit a fair

surface to the naval architect's offsets has been demonstrated as

practical and economically feasible, the only full ship test

which time permitted to be made proved that the system had certain

technical deficiencies which remain to be corrected to improve

its reliability and to make it a workable production system.

It is recommended that work on at least the following elements

of the system be continued:

1. Demonstrate a satisfactory method for Joining faired
surface areas

2. Impose restrictions on the signs of the curvatures
at the terminations of stations and waterlines

3. Demonstrate a method for defining flat bottoms

These developments do not require any state-of-the-art breakthroughs,

but are generally a matter of straightforward application of

mathematics and computer programming. This work should be

accomplished before the system is placed in full production usage.

Efforts can then proceed on expanding the system capability for all

cases and toward improving the economy of the system itself.
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APPENDIX A

PLANE CURVES

This Appendix contains three examples of curves faired with the

linear prograuming method:

Curve 1 Load Waterline - Forward

Curve 2 Load Waterline - Aft

Curve 3 Floor Frame Curve

A description of the procedure followed, a listing of the input

data, a listing of the offsets of the faired curve, and a plot of

the faired curve are presented in each case.
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CURVE 1 LOAD WATERLINE - FORWARD

Prolect:

To fair the forward one-half of the load waterline of a 250' cargo
ship to investigate the fairness quality of the faired line. In
addition, it was desired to investigate the ability of the method
to fit a straight section.

Data:

The preliminary offsets of Stations 1 through 8 and Station 10.
Station 8 through 10 are all equal and within the parallel middle-
body.

Procedure:

The second differences of the offsets were found to be consistent.
The matrix was punched by hand using the lambda - primal formulation.
In addition, the slope and curvature at Station 10 were required to
be zero. The line was faired on the IBM-1620 in eight minutes. The
offsets were solved from the equation using GOBACK 3 and were plotted
as shown. In addition, the line was plotted at 1/4" - l'0" for
sight checking.

Results:

The greatest deviation ()) was approximately 5/16". The line was
found to satisfy both the mathematical and sight tests for fairness.
The straight section was fit perfectly and the transition into the
curve was fair.
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Input Data - Curve 1 Load Waterline - Forward

LOAD WATERLINE-FWD PRELIM. OFFSETS
0.0 19.5

25.0 19.5
37.5 19.49
50.0 19.17
62.5 18.17
5.0 16.44
7.5 13.58

100.0 9.72
112.5 4.78
125.0 .08

1.5.0 A-3
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CURVE 2 LOAD WATSRLIW - AFT

Proiect:

To fair the after one-half of the load waterline of a 250' cargo ship
for investigating the fairness quality of the faired line and to
determine the applicability of the fairing method.

Data:

The preliminary offsets of the eleven stations from Station 10 to
Station 20, inclusive

Procedure:

The second differences of the offsets were found to be OK. The matrix
was punched by hand using the lambda-primal formulation. The line was
faired on the IB14-1620 computer in approximately ten minutes. Offsets
were solved for using GOBACK 3 and were plotted as shown. Additionally,
the line was plotted at a scale of 1/4" - l'-0" to be checked for
fairness.

Results:

On the larger scaled plot, the line was observed to contain a fairly
flat section approximately fifty feet from amidships. The preliminary
lines plan and offsets were reviewed and this confirmed that an
intentional flat area exists in this portion of the hull. The curve
was then found to meet the fairness criteria, both mathematically and
by sight tests of a number of qualified individuals.
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Input Data - Curve 2

LOAD WATERLINE-AFT PRELIM. OFFSETS

0.0 19.5
25.0 19.5
37.5 19.25
50.0 18.63
62.5 17.67
5.0 16.67
7.5 15.00

100.0 12.50
112.5 8.750
125.0 3.25

1.5.0 A-10
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CURVE 3 FLOOR FlAME CURVE

Project:

To fair a curve taken from a transverse section of a ship hull to
determine the applicability of the fairing method.

Data:

The data was taken from previously faired offsets of a floor frame of
the DLG-26. It contained seven offsets.

Procedure:

The matrix was punched by SMOG 4 in the sum of the deviations
formulation. The curve was faired on the 131-1620 and required
two minutes to fair. The offsets were solved for using GOBACK 3. In
addition, ten offsets from the curve were chosen at random and sent to
the loft to be plotted at a scale of 1" - 1'-O" vertically.

Results:

The faired curve passed exactly through every data point. The offsets
which were sent to the loft were fit with a batten and were found to
be fair without changes.
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Curve 3

FLOOR FRAME CURVE PPFLIM. OFFSETS

1.0 6.44
2.0 8.13
3.0 10.32
4.o 13.14
5.0 6.68
6.0 21.08
7.0 26.36

1.5.0 A-17

I'



Ný CO21 0 0- N In *1 In .0 r- CO2 O 0 - Ny MI 4 n .0 N-. .D 0, 0 - N fol Z* A V0 I. Z 0'0- NM :r * A0
000 - -N- - - - - - - *4* a V * *
m~E m0~ m~ 101 m~ (10' m0 m~ m01 m O re 10 m ~ m 01010m 0 m 0m1wfm to) on m0 01010101In01 t on m Pei

> ' 0p Nt W - 0 0 * l 0 * ' t N 0 0 ~ 0 - ' -

r- 00 0 a *-I 0' - f2 on~ 4 .' -

IX 00 OD OD 1- 0 en0.40' M2. 10 .: P 0 0 rel fl N 'V
wo 0.000r'- mom21m0a N 4 .002- A0n OF 020-
a010 M I- -. ;* N 0' 1- .2 0 In 0 In '00m 0. 0 * 20 M n ý

CN4V In Ln -. 4 0 6n In0 0.0 'Q0 1N fN N- t'-0M

LiU

< 0. 0 0o 0 0T 0 0n 0 0 0l 0 0N N 0. 0 0 LM 0t 0 0 0~
>- '00'l 1- '00 ' w 00 W ' "- N4 NO- -4 -0 N N: -7I)4A4O

4~ ~~ N *, '.0 104. fn 0 N N 0ý N- N N 0n m0I 0(
N 0ýj N N -00-0 N Ul N ' Co. Ný (> *40 Wn * 40

W Ln P.- N Ifno t% - '0.: M' '1 N 0' NT 'O No -t M)A
S0InN M N '0*0 (> 00' 'OO 0' N 0. '00 '-0

0'l NUI N N' C10 N0' N0 N M272O 0* M AW

In 0 0 w.

u-0 00 0 0 0 0 0 0 0 0 0

00 010 IV') NO * C0 2 N 0 0 0 0 00
000 fV n 40.0 *0.o4>0 W 0 0' 0 0.0'-0 (-.v4- 0.-

00 00.040 0 0 40 0- '0 0' M' N- '00 -7 N A
LU f -N In 0 0 Ný Ln 0 "1 0. 0 0. in O2D 'ý 0,-)0. 0-

ce kn~.O 0 r-OIn N - 0 N. kn 0-0'- ;0r 100 b f In L
0,) 10-20 CO N '010 NOMv A ,t I -- --0 N n ' InN M2

In In-A .0 ' InN2200'0 00'. K01 -?D, -n0

111 0 0
> 00

c0 0

00

LUN n 00 0 0 0 0 0 0 0 0 0

0 DODV 'O 2 N n 0- 0 000 0 00000 000000 0000

.J00-00-000O000000000 - - -- .JN N N fln n W, 41 1 r 1in
*~~~u 00 C) 4 '4'O

00

N 0 Z

A-jg



P- w o 0- N *n --t
.* 0 - Ln LM fL ' Lei

-7 o, t -'o N P- Pei
'0 - P-n w& 0. 0

'0 I0 M f- 0 -
*l f. . w ). Ok * *

00000000
'0- N P- 4. -C N

- Y - P- 0 I'- 4

P- 0, 0n I,.*0

--- , LA0 0,
Nl w'-F 0 N0

- !o ,'00 "n LA N4

ol -ALAL 0 tNu
On 0' - 40.

Nx 0- *o0'0L



44 1

77777
rtt

im

j4j

1

4- ýt -t t4 f4- -11,

77

ft

77 ý77

.... .... ...

44,

j 4 4--
....... ....... H 4

7- 7
LH - _E-

44'

41+

tt -f f

T i 11
:j]±4 . . . .....

77

r., E2

+ -4,,

ý4ý 1 -1-tt

IT

-:t,- 
L.

-ý-;T

-T -- I
4



I

APIMIOX I

Contents

POOP

8W fCA S ........................ 3-1
DOMIEL8? LZIDg 8z 10 SWAM ........... 3-2

Input ae . ................ . 3-3

Listing of Offset* .............. 3-5

Fig. 3-1 Plot of Waterlines ......... 3-27

Fig. 3-2 Plot of tions . ..t.t.. . . . . 3-28

UI30 W Oa ZOF UfD-26. . .- ..-...... t,29

Input Daet.. . . . . . . . 3-30
Listing of Offsets ............ .* 3-31

Fig. 3-3 Plot of Stations. ............... 3-43

Pit. 3-4 Plot of Vsterlines ............ 3-44

1.5.0 3



Appendix B

SURFACES

Contained in this Appendix are several examples of surfaces

faired as tests for the mathematical lofting system. Included

are the preliminary data, final faired results, and a plot of

the surfaces.
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DOUB•E SPLINED 8 x 10 SURFACE

Project:

To fair a surface of DLG-26 containing eight waterlines and ten stations

using the double spline concept to determine the applicability of the

technique.

Data:

The data used were preliminary offsets taken from DIG-26 Drawing No. 2068017

on Stations 2 through 12 at Waterlines 4 through 32, at four-foot intervals.

Procedure:

The data was smoothed and then used with SMD0-3 to punch the matrix in

the sum of the deviations-primal formulation, using the double spline

in both waterline and station directions. The surface was then faired

on the IBM-7090 using LP-90. Results were solved for using GOBACK 1.

Results:

The deviation between the surface and the offsets were reasonable in

all cases and generally very small. The surface meets all the require-

ments for fairness, including sight tests.
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DWG 26 8 x 10 PRULE(INAMY OFYSITS - S MACZ

8 10 .001000
4.0000

o0000 3.593749
25*5000 7.833333
51,0000 5.666666
76.5000 10.031250

102.0000 12.354166
127.5000 14.645833
153.0000 16-593749
178.5000 18.020833
204.0000 18.677082
221-05000 18.437499

110000
.0000 4-72916625.5000 7.500000

51.0000 10,322916
76;5000 13.302083

102.0000 16.250000
127.5000 18-874999
153.0000 21.000000
178,5000 22.562500
204.0000 23.458332
229.5000 23.791666
12.0000

.0000 5.333333
25.5000 8.427083
51-0000 11.781250
76,5000 15.166666

102.0000 18.343749
127.5000 21.072916
157.0000 23-239582
17:.5000 24*770833
204.0000 25-760416
229.5000 26.156249
16.0000

;0000 5-812500
25.5000 9.250000
51.0000 12.916666
76.5000 16.354166

102.0000 19.666666
127.5000 2202916661 5M:000 24.364583
178-5o00o 25.7708333
204-0000 267o8.3 2
229.5000 27.187499
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20.0000
!0000 6,33)33,

25.5000 10-1249
51.0000 14.114,583
76-5000 17;697916

102.0000 20-705332
127.5000 23.104166
153.0000 24,8855.416
175.5000 26.11A"83
204•0000 26.895533
229.5000 27.291666
24.0000

.0000 7-0166666
25-.5000 1174999
5140000 15i46S8

102.0000 21.635.16
127;5000 23-715749

125.0000 26.208332204-90000 26-.895813
222;.5000 27623q9582
25.0000 -

.0000 8,483M
25!5000 13 093749
51 0000 17,000000
76.5000 20M229166

102;0000 22.520833
127;5000 24-29166
153;0000 25.5.16666
175.5000 26.22916"
204;50000 26.8•4 7459
229!5000 27.18749
32.0000 °

;0000 10450000
25.5000 15,260416
51-0000 185916666
76.5000 21, 624P99

102!0000 23J.39533
127.5000 24,5531
MOM 21,*,5 1Q16
17300026 o'2013 2

20C.00010 26 , 719 5512
229.5000 27.0937491..0 ooo54,0;

,,..,oo -,o.,
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I

UPPER B SECTION OF DIG-26

Pro.ect:

To fair the extreme forward section of the DIG-26, including the -end
profile above Waterline 16, for the purpose of testing the ability
of the end profile fairing formulation

Data:

The data was the preliminary offsets of DLG-26 on Stations 0, 1/2,
1, 1-1/2, 2, at Waterlines 16, 20, 24, 28, 32, 36, and 40. The
surface was re-faired slightly to eliminate the knuckle. In addition,
the offsets which describe the bow profile in this area were used.

Procedure:

The profile of the bow above the sixteen-foot waterline was determined
to be a straight line and its equation was found. The equation and
the preliminary offsets were entered into SMOG-2. This program
punched the LP matrix in the end profile formulation using the >*- fit
and dual tableau on the IBhM-1620. The surface was faired on the
IBM-7090 using LP-90 in approximately fifteen minutes. The results
were then solved for on the 1620 using GOBACK 2 and plotted as shown.

Results:

The faired surface went exactly through the profile equation. The
surface seems to be completely fair but shown a slight hook at the
extreme ends of the waterlines. This may require some adjustment of
the profile turn.

1.5.0 1-29



DLG 26 BOW PRELIMINARY OFFSETS
2.0 .0000 .000000

1;0000 1%239583
2.0000 2.697916

0000 14*197916
.0000 5:812500

2,5 . o0000 .78000
1.0000 1-479166
2-0000 2.979166
3,0000 4.583333
4.0000 6*333333

3.0
o0000 -.343749

1-.0000 1%791 6 6 6

2.0000 3-447916
3.0000 5 250000
4.0000 7.166666

3.5
.0000 .708333

1.0000 2.416666
2.0000 4-322916
3.0000 6.416666
4.0000 8.583333

4.0
.0000 1.343749

1.0000 3,531250
2.0000 5.864583
3.0000 8.250000
4.0000 10.7500004+.5 .50000 2.312500
1.0000 5.145833
2.0000 84000000
3-0000 10.802083
4:0000 13.5104165.0 .0000 3,697916
1:0000 7.135416
2.0000 10.52063
3.0000 13,9
-4:0000 16-68749

1.0 1.0 0.0 0.0

1.,5.0 3-30
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Appendix C

DW-26 HULL SM3ACR8

The surfaces contained in this Appendix are a set of surfaces

which extend from the baseline to above the sheer line on the

DLG-26 class frigate. These surfaces result from an attempt

to more completely fair a ship's hull in order to determine the

capabilities and problems associated with the fairing method.

The surfaces presented cover representative sections of the

ship's hull. The extent of the hull which each covers is

shown in the figure.
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UPPER BOW SECTION OF DLG-26

ProJect:

To fair the extreme forward section of the DLG-26 including the end
profile above Waterline 16, for the purpose of testing the ability
of the end profile fairing formulation.

Data:

The data was the preliminary offsets of DLG-26 on Stations 0, 1/2, 1,
1-1/2, 2, at Waterlines 16, 20, 24, 28, 32, 36, and 40. The surface
was re-faired slightly to eliminate the knuckle. In addition the
offsets which describe the bow profile in this area were used.

Procedure:

The profile of the bow above the sixteen-foot waterline was determined
to be a straight line, and its equation was found. The equation and
the preliminary offsets were entered into SMOG-2. This program punched
the LP matrix in the end profile formulation using the fit and dual
tableau on the IBM-1620. The surface was faired on the IBM-7090
using LP-90 in approximately fifteen minutes. The results were then
solved for on the 1620 using GOBACK-2 and plotted as shown.

Results:

The faired surface went exactly through the profile equation. The
surface is completely fair but shows a slight hook at the extreme ends
of the waterlines. This may require some adjustment of the profile
turn.
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* BOW PROFILE DLG 11X5
0 -1 .2 3.0

11 5 0.0 .0001 3. .33333333
.8562

. 26795
0.0
-. 0786
.1531
-. 0704 Profile equations
.0041

0.0
0.0
0.0

0.0
0.00.0 .0000

.0000 .000000
1.0000 4.062500
2.0000 7.500000
3.0000 4.374999
4.0000 1.906249

.5000 Preliminary offsets

.0000 .000000
1.0000 1.052083
2.0000 3.302083
3.0000 2.958333
4.0000 3.593749
1.0000

.0000 .000000
1.0000 .916666
2.0000 2.354166
3.0000 3.437499
4.0000 4.729166
1-5000

.0000 .000000
1.0000 1.041666
2.0000 2.458333
3.0000 3.874999
4.0000 5.333333

2.0
.0000 .000000

1.0000 1.239583
2.0000 2.697916
3.0000 4.197916
4.0000 5.812500

2.5
.0000 .078000
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1.0000 1.479166
2.0000 2.979166
3.0000 4.583333
4.0000 6.333333

3.0
.o0000 .343749

1.0000 1.791666
2.0000 3.447916
3.0000 5.250000
4.0000 7.166666

3.5
.0000 .708333

1.0000 2.416666
2.0000 4.322916
3.0000 6.416666
4.0000 8.583333

4.0
.0000 1.343749

1.0000 3.531250
2.0000 5.864583
3.0000 8.250000
4.0000 10.750000

4.5
.0000 2.312500

1.0000 5.145833
2.0000 8.000000
3.0000 10.802083
4.0000 13.510416

5.0
.0000 3.697916

1.0000 7.135416
2.0000 10.52063
3.0000 13.9
4.0000 16.68749

1.0 1.0 0.0 0.0
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CENTER - FORWARD SURFACE OF DLG-26

Project:

To fair a section of the DLG-26, extending from Station 3 to Station 9,
for the purpose of testing the method on surfaces containing large
slopes.

Data:

The data consisted of preliminary offsets for DLM-26 on Stations 4
through 10 at Waterlines from the baseline to the 36 at four-foot
intervals.

Procedure:

The data was smoothed and then used with SMOG-1 to punch the LP matrix
for the >- dual formulation double splined in the X direction only.
The surface was faired on the IBM-7090 in fifty minutes. The results
were then calculated using GOBACK-l.

Results:

The surface is fair everywhere except in the area influenced by the
first cubic interval above the baseline. Because no sign on the
second derivative in the vertical direction was required on the base-
line, a line of inflection is apparent in part of the surface. This
is caused by the high slopes at the baseline and points out a need
for curvature control at the first point.

1.5.0 C-14i
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* DLG 26 CENTER SECT 11X7 DUAL NO Z 12-20
0 0

11 7 0. 0.0001
7 11

O.
25.5000 1.000000
51.0000 1.000000
76.5000 1.000000

102.0000 1.000000
127.5000 1.000000
153.0000 1.000000
178.5000 1.000000

2.0000
25.5000 4.031250
51.0000 5.562500
76.5000 7.1145 83

102.0000 8.833333
127.5000 10.666667
153.0000 12.427083
178.5000 13.739583

4:0000
25.5000 5.666667
51.0000 7.833333
76.5000 10.031250

102.0000 12.354167
127.5000 14.645833
153.0000 16.593750
178.5000 18.020833

8.0000
25.5000 7.500000
51.0000 10.322917
76.5000 13.302083

102.0000 16,250000
127.5000 18.875000
153.0000 21.000000
178.5000 22.562500
12.0000
25.5000 8.427083
51.0000 11.781250
76.5000 15.166667

102.0000 18.343750
127.5000 21.072917
153.0000 23.239583
178.5000 24.770833
16.0000
25.5000 9.250000
51.0000 12.916667

1.5.0 C-15



76.5000 16.454167
102.0000 19.666667
127.5000 22.291667
153.0000 24.364583
178.5000 25.770833
20.0000
25.5000 10.125000
51.0000 14.114583
76.5000 17.697917

102.0000 20.708333
127.5000 23.104167
153.0000 24.885417
178.5000 26.114583
24.0000
25.5000 11 .375000
51.0000 15.468750
76.5000 18.937500

102.0000 21.635417
127.5000 23.718750
153.0000 25.208333
178.5000 26.208333
28.0000
25.5000 13.093750
51.0000 17.000000
76.5000 20.229167

102.0000 22.520833
127.5000 24.229167
153.0000 25.416667
178.5000 26.229167
32.0000
25.5000 15.2601.17
51.0000 18.916667
76.5000 21.625000

102.0000 23.354167
127.5000 24.572917
153.0000 25.5104117
178.5000 26.208333

36.00000
25.5 18.10416
51.000 21.18749
76.5 23.03125
102.0 24.16666

127.5 25.01041
151.0 25.69791
178.5 26.22916
51.0 6.0 25.50 0.0

1.5.0 C-16 I
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CEIMR aiiM SMRACE 0 DID-26

Project Description:

To fair a surface of nine waterlines and eleven stations taken from
the preliminary offsets for the hull of DLG-26. The object was to
investigate more fully the problem of large slopes at the keel line
and to try a very simple overlapping procedure between this surface
and the next surface forward.

Data Used:

The offsets to be used were taken from Station 8 through Station 14
of the hull at Waterlines 0 to 32 at four-foot intervals of the
offsets, except those of Station 9 which were taken from the
preliminary offsets. The Station 9 offsets were taken from the
forward surface.

Procedure:

The matrix was punched using SW)G-l in the dual lambda formulation
with double spline in the X direction only, then the entry for the
lambda row in the deviation constraints of the offsets from Station 9
were removed. This required the surface to go exactly through these
offsets. A basic feasible solution was included with the matrix. This
problem was run on the IBM-7090 using LP-90 and required fifty-four
minutes. The surface equation was solved with GOEACK-1 on the IBM-1620.

Results:

The surface fit the offsets to a deviation of*-. .03'. The surface
did go exactly through the given offsets of Station 9. Station 9,
however, has a different shape on this surface than on the forward
surface, causing a line of discontinuity between the surfaces at the
intersections.

Recommendations:

More sophisticated means for joining surfaces should be investigated.
In addition, it seems that a better surface would result from requir-
ing a specific sign on the curvature in the Z direction at the
baseline.

1.5.0 C-48



* DLG 26 7X9 CTR CTR

10 7 0. 0.0001
0.

153.0000 1.000000
178.5000 1.000000
204.0000 1.000000
239.5000 1.000000
265.0000 1.000000
290.5000 1.000000
316.0000 1.000000

2.0000
153.0000 12.427083
178.5 13.7578
204.0000 14.250000
239.5000 13.593750
265.0000 11.531250
290.5000 8.041667
316.0000 3.520833

4.0000
153.0000 16.593750
178.5 17.98359
204.0000 18.677083
239.5000 18.437500
265.0000 17.291667
290.5000 14.625000
316.0000 10.197917

8.0000
153.0000 21.000000
178.5 22.5810
204.0000 23.458333
239.5000 23.791667
265.0000 23.468750
290.5000 22.375000
316.0000 20.281250

12.0000
153.0000 23.239583
178.5 24.74296
204.0000 25.760417
239.5000 26.156250
265.0000 26.062500
290.5000 25.583333
316.0000 24.718750

16.0000
153.0000 24.364583
178.5 25.81042
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204.0000 26.708333
239.5000 27.187500
265-0000 2710290.:5000 21:824583
316.0000 26.354167

20.0000
153.0000 24.885417
175.5 26 130061
204-.0000 26.195833
239.5000 27.2916"7265.0000 27.375000
290,5000 27.11667

316.0000 26.760417
24.0000

153.0000 25.208333
175.5 26 241592
204.0000 26.89563
239.5000 27.2,513
265.0000 27.36458
290.5000 27.229167
316.0000 26.822917

28.0000
153.0000 25.416667
178.5 26.32344
204.0000 26.843750
239.5000 27.187500
265.0000 27.291667
290.5000 27.250000
316.0000 26.822917

32.0000
151:000o 25.510417173.5 26.31501
204-.0000 26:739513
239.5000 27.091750
265.COOO 27.205333
290.5000 27.166667
316.0000 26 791667
51.0 6.0 153.0
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STERN SURFACE OF DLO-26

Proiect:

To fair a portion of the stern of the DWG-26, including the stern
provile. This surface extends from Station 14 to Station 18 and
is extremely complex. The surface includes the transition from the
middlebody to the area encompassing the stern profile.

Data:

The preliminary offsets of Stations 14 through 18 on waterlines at
four-foot intervals beginning at the baseline and extending to the
thirty-two-foot waterline. Also, a set of offsets describing the
profile of the stern runup which was scaled from the preliminary
lines plans.

Procedure:

The first step was to fair the two-dimensional stern profile and
obtain its faired equation on the IBM-1620. This equation, along with
the preliminary offsets, were entered into SMOG-2 which punched the
LP matrix on the IM-1620 in the dual-lambda formulation using double
spline in the X direction only. The results wert solved for using
GOBACK-2 and the offsets plotted as shown.

Results:

The upper portion of the surface faired quite well. However, the
lower section which represents the largest portion of the surface
appears to be quite unfair. In analyzing the results, two predominant
reasons for this result were found:

1. The equation for the profile was found to contain an
inflection point in the first interval and therefore
did not accurately represent the profile.

2. A condition was found where the sign of the second differ-
ence at a given offset as calculated from the neighboring
offsets was opposite in sign from the desired curvature.
This is illustrated below.
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Positive curvature

Negative41W

second difference

BL

The signs, however, were consistent with neighboring signs
and therefore were not detected by the smoothing routine.

The surface meets all of the conditions which were required, including
those in error, and >- equaled .02'.

Raco imendat ions:

It is reco mmended that the surface be re-faired incorporating the

following Improvements:

1. Ra-fair the profile to obtain an accurate equation

2. Manually set the erroneous signs of the second differences
to their proper values

3. Include the two-foot waterline in the data to help define
this portion of the surface

With these changes, a satisfactory surface should result.
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DLG 26 STERN 5 STA 14 TO 18
-1 1 .25 30.
10 5 0.001 1000. 3. .33333333

1.5294
.5060
-2.1136
.4784
0.0

0.0
-. 2528
0.0
0.0
0.0
0.0
0.0

.0000
1.0000 .000000
1.5000 .000000
2.0000 1.000000
2.5000 1.000000
3.0000 1.000000
0.25
1.000 0.0
1.5 0.0
2.0 1.000

2.5 1.2396
3.0 3.5208

.5000
1.0000 .000000
1.5000 .000000
2.0000 1.239583
2.5000 4.416666
3.0000 10.197916
1.0000
1.0000 .000000
1.5000 3.197916
2.0000 10.218749
2.5000 16.3133333
3.0000 20,281250
1.5000
1.0000 7.729166
1.5000 16.000000
2.0000 20.770833
2.5000 23.250000
3.0000 24.718749
2.0000
1.0000 19.000000
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1.5000 22.083333
2.0000 24.206332
2.5000 25,510416
3.0000 26,354166
2.5000
1.0000 20.28161
1.*5000 22.979166
2.0000 24,843749
2:5000 26.031250
3.0000 26,760416
3.0000
1.0000 20.647778
1.5000 23.177052
2,0000 24.961749
2.5000 26,124999
3.0000 26.822916
3:50000
1.0000 20,834333
.1.5000 23,312500
2,0000 25.052083
2.5000 26.177082
3.0000 26.822916
4:0000

1.0 20,92268
1.5 23.36458
2.0 25.11458
2.5000 26,208332
3.0000 26,791"66

0.5 1.0 1.0 0.0
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